Abstract. A new class of confidence sets for the mean of a p-variate normal distribution (p > 3) is introduced. They are neither spheres nor ellipsoids. We show that we can construct our confidence sets so that their coverage probabilities are equal to the specified confidence coefficient. Some of them are shown to dominate the usual confidence set, a sphere centered at the observations. Numerical results are also given which show how small their volumes are.
Introduction
Let X = (X1,..., Xp) t be a p-variate normal random variable with mean vector 0--(01,...,Op) t and identity covariance matrix. Since Stein (1955) proved that the usual point estimator of 0, X, can be improved upon under the sum of squared error ifp _> 3, a great deal of research has been made to improve upon X. However, the problem of the confidence set has received comparatively little attention and its theory has seen advances only in recent years.
The usual confidence set for the mean is a sphere centered at X, i.e.,
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c°(x) = {~: I1~ -Xll ~ c}, where the radius c satisfies P{X~-< c 2} = I-a. This implies that the coverage probability of C°(X) Po{O E C°(X)} = 1 -a for all 0.
So C°(X) has the confidence coefficient 1 -a. As in Casella and Hwang (1983) we consider a confidence set C(X) to with strict inequality either in (I) for some 0 or in (II) for all X in some set with positive Lebesgue measure.
Stein (1962) developed the heuristic argument to indicate that C°(X)
can be improved upon for large p. Brown (1966) and Joshi (1967) independently proved the existence of a dominating confidence set for p _> 3. It was
shown that C°(X) is dominated by the confidence sphere which has the same radius c and is centered at a Stein-type estimator. However, they did not give explicit improved confidence sets. Attempts to construct usable improved confidence sets were made by several authors including Faith (1976 ), Berger (1980 ), Stein (1981 , Hwang and Casella (1982, 1984) and Casella and Hwang (1983, 1986) . Berger (1980) developed confidence ellipsoids associated with his robust generalized Bayes estimator. Although uniform dominance results were not obtained, he gave convincing analytical and numerical evidence that his confidence sets perform satisfactorily.
Hwang and Casella (1982) considered the confidence sphere which has radius c and is centered at a positive-part Stein estimator { 1 -a/ll X ll2}+X, and showed analytically that it is an improvement upon C°(X) for a specified range of values of a when p > 4. Hwang and Casella (1984) gave an alternative proof which yielded stronger results. Although their confidence set provides uniform improvement in coverage probability, it has the same volume and confidence coefficient as C°(X).
It would be desirable for the improving confidence set to have the same confidence coefficient as C°(X) but to have smaller volume than C°(X). Casella and Hwang (1983, 1986 ) constructed confidence spheres with variable radii through empirical Bayes considerations. They evaluated their coverage probabilities numerically and claimed that their confidence spheres dominate C°(X). However, no confidence set with variable volume seems to be available which has been analytically shown to be an improvement upon C°(X).
Here we introduce a class of confidence sets and analytically show that some of them improve upon C°(X). We construct the new confidence sets by shrinking the set C°(X) towards the origin. They are neither spheres nor ellipsoids, and there isn't a natural center for the new set, which might be the associating point estimator with it. In Section 2 we precisely define our confidence sets and obtain the necessary representations for their volumes
